To assess in normal and glaucomatous eyes the effect of the dopaminergic drug 2% ibopamine on visual acuity, IOP, pupil size and anterior segment geometry, compared with 10% phenylephrine and 1% tropicamide. METHODS. Fifteen healthy subjects and 15 patients with primary open-angle glaucoma, aged from 40 to 70 years (mean age: 54.8 Ϯ 9.6), were recruited into this open prospective study. After instillation of 2% ibopamine, refraction, visual acuity, pupil diameter, IOP, five A-scan ultrasonographic parameters, and 15 ultrasound biomicroscopy parameters were evaluated. The study was repeated with assessment of the same parameters 20 to 30 days later in 10 subjects (5 normal and 5 with glaucoma), using first 10% phenylephrine and then 1% tropicamide. A second group of 15 healthy subjects, aged from 45 to 70 years (mean age: 53.5 Ϯ 8.6) was examined to evaluate the dose-response effect and time course on pupil diameter, of ibopamine, phenylephrine, and tropicamide. RESULTS. After 40 minutes 2% ibopamine induced a marked mydriatic effect (from 5 to 9.1 mm; P Ͻ 0.0001) greater than that produced by 10% phenylephrine (from 4.7 to 7.9 mm; P Ͻ 0.0001) or 1% tropicamide (from 4.6 to 6.9 mm; P Ͻ 0.0001), with no changes in refraction or visual acuity. IOP was significantly increased only in patients with glaucoma after instillation of either 2% ibopamine (from 22.2 to 24.8 mm Hg; P Ͻ 0.0001) or 1% tropicamide (from 21.2 to 23.6 mm Hg; P ϭ 0.004), whereas 10% phenylephrine induced no statistically significant changes. Ibopamine (2%) caused a significant increase in iris thickness with a reduction of the sulcus ciliaris and posterior chamber depth. The anterior chamber angle (ACA) showed a mean 5°widening with an increase in scleraliris angle (SIA) and sclera-ciliary process angle. In 11 (37%) of 30 cases, separation of the pupil border and lens surface occurred, whereas contact was maintained only with the zonule in the other 19 (63%) of 30. The changes after 10% phenylephrine instillation were similar, although only the increase in iris thickness and SIA was statistically significant. Tropicamide (1%) induced a slight but significant increase in SIA. CONCLUSIONS. The results confirm the potent mydriatic effect of 2% ibopamine, which is greater than that of either 10% phenylephrine or 1% tropicamide, as well as its ability to induce an increase in intraocular pressure when used in patients with glaucoma alone. These data support the hypothesis that the widening of the ACA induced by 2% ibopamine is due to posterior rotation of the iris plane and ciliary processes. These changes are quantitatively greater than those induced by 10% phenylephrine and 1% tropicamide and are related to the greater mydriatic effect of the drug. (Invest Ophthalmol Vis Sci. 2003;44:281-289)
I
bopamine is a poorly selective dopaminergic drug that is active not only on DA 1 and DA 2 receptors, but also on ␣1, ␣2, ␤1, and ␤2 receptors.
1,2 Unlike more selective dopaminergic agents, 3, 4 ibopamine does not have the ability to reduce intraocular pressure (IOP). On the contrary, it shows the capability of increasing IOP in glaucomatous but not in normal eyes. [5] [6] [7] This property has been ascribed to the increase in production of aqueous humor. 7 As a result of this characteristic, the drug has been proposed as a test substance for the diagnosis of initial forms of glaucoma. 6, 7 On the same basis, its use may be advocated for the treatment of postoperative ocular hypotonia.
One effect of ibopamine particularly worthy of note is its ability to induce marked mydriasis, which is potentially useful for diagnostic purposes and presents the advantage of not being accompanied by accommodative paralysis. We analyzed the mydriasis produced by 2% ibopamine in a previous study, 8 in which the following points were confirmed. Ibopamineinduced mydriasis is very pronounced, is prevented by pretreatment with 0.5% dapiprazole, and is rapidly reversed when the latter drug is instilled with the mydriasis already present. It is not accompanied by any changes in refraction or anterior chamber depth or in lens position as evaluated by A-scan ultrasonography. All these findings suggests that the mydriatic effect is due to activation of ␣-adrenergic receptors. We also confirmed that a slight increase in IOP occurs in glaucomatous eyes, but not in normal eyes, after instillation of ibopamine.
The drug thus is very promising as a substance to be used for diagnostic mydriasis and offers the possibility of inducing risk-free, easily reversible mydriasis in conformity with the principle of safe mydriasis of Mapstone. 9 The effects of the drug on the anterior segment have been assessed in an ultrasound biomicroscopy study, which, apart from mydriasis, revealed no other changes of note in the anterior segment. 10 In view of the possible diagnostic value of this drug, we thought it would be useful to compare its effects on the pupil and anterior segment with those of two commonly used mydriatic agents, phenylephrine and tropicamide.
We focused particularly on biometric parameters detectable with the aid of ultrasound biomicroscopy (UBM), to be able to determine and compare the effective validity of the substance as a diagnostic mydriatic agent and assess whether it provides the necessary safety profile.
and tropicamide. Using a computer-generated randomization list and sequential numbering, the subjects were randomly divided into three equal groups, each of them receiving one of the three drugs in different concentrations obtained by different ratios to the saline solution. Four dosages of ibopamine (0.25%, 0.5%, 1%, and 2%), three dosages of phenylephrine (2.5%, 5%, and 10%) and three dosages of tropicamide (0.25%, 0.5%, and 1%) were tested at different times in each of the three groups.
The five subjects in each group, received the allocated drug in only one eye randomly selected, whereas the fellow eye was treated with one drop of saline solution. Pupil diameter was measured in both eyes before treatment and at 30, 40, 60, and 90 minutes and 2, 4, and 8 hours after administration of the drugs.
A second cohort of thirty volunteers (9 men, 21 women), aged from 40 to 70 years (mean age: 54.8 Ϯ 9.6), consisting of 15 healthy subjects and 15 patients with primary open-angle glaucoma (POAG), were recruited into the study. Subjects were patients with newly diagnosed POAG and were studied before medication had been prescribed that might affect IOP.
Informed consent was obtained from all subjects. The research was conducted in accordance with the principles laid down in the Declaration of Helsinki.
Pupil diameter was measured before treatment and 30, 40, 60, and 90 minutes and 2, 4, and 8 hours after administration of the drugs. In the second group, the study protocol, based on an open-label design, provided for the instillation of 1 drop of 2% ibopamine in only one eye chosen at random, with a second administration after 5 minutes. Two drops of saline solution were instilled into the fellow eye, according to the same procedure.
One hour before administration of the drug (baseline: time 0), each subject underwent determinations of refraction, visual acuity, pupil diameter, and IOP. Measurement of these parameters was repeated 30, 40, 60, and 90 minutes and 2, 4, and 8 hours after instillation of the drug. To reduce the likelihood of corneal abrasions, IOP was measured only after 40 and 120 minutes. A-scan ultrasonographic and UBM parameters were determined 30 minutes before and 40 minutes after administration of the eye drops.
In 10 of these subjects (five normal and five with glaucoma), the experiment was repeated 20 to 30 days later, according to the same procedure, first with 10% phenylephrine and then with 1% tropicamide. The time interval between the phenylephrine and tropicamide treatments was 10 to 12 days.
The following variables were assessed: subjective and objective refraction (using an AR-800 autorefractometer; Nidek Co., Gamagori, Japan); uncorrected and corrected visual acuity with a Monoyer decimal test card at the distance of 5 m; pupil diameter, according to the method of Bonora and Bonomi, 11 using a millimeter scale applied to the autorefractometer screen after focusing and in conditions of constant lighting; IOP measured by a Goldmann applanation tonometer after topical anesthesia with 0.4% benoxinate in a single-dose solution.
The following A-scan ultrasonographic parameters were evaluated: anterior chamber depth, lens thickness, axial length, lens/axial length factor (LAF), 12 and relative lens position (RLP). 13 We adopted the standardized A-scan biometric immersion technique (Ophtascan S; Biophisic Médical, Clermont Ferrand, France) and a nonfocused 8-MHz transducer-probe with tissue sensitivity (T) of 68 dB. The techniques of examination and measurement have been reported in detail.
14 UBM parameters, as defined by Pavlin et al., 15 were also assessed: corneal thickness (CT), anterior chamber depth (ACD), with and without corneal thickness; anterior chamber angle (ACA); angle opening distance at 500 m from the scleral spur (AOD 500); angle opening distance at 250 m from the scleral spur (AOD 250); trabecular-ciliary process distance (TCPD), iris thickness (IT); iris-ciliary process distance (ICPD); iris-zonule distance (IZD); iris-lens contact distance (ILCD), sclera-ciliary process angle (SCPA); sclera-iris angle (SIA); scleral thickness (ST); and iris-lens angle (ILA; Figs. 1A, 1B). In addition to these parameters, contact, if any, between the pupil border and the lens or zonule, or the distance, if any, between these structures, was determined in mydriasis. The examinations were performed with a UBM instrument (model 840; Humphrey-Zeiss, San Leandro, CA) with a 50-MHz transducer probe allowing 5-mm tissue penetration and 50-m resolution. The technique of examination and the reliability of UBM measurements have been reported in detail. 14 The differences were tested by statistical analysis of variance using the one-way analysis-of-variance (ANOVA). UBM variables were analyzed by means of the Bonferroni multiple-comparison test.
RESULTS

Pupil Diameter
The results of the dose-response study are reported in Figs. 2A-C. Ibopamine (2%) induced a marked, statistically significant mydriatic effect (P Ͻ 0.0001) compared with 1%, 0.50%, and 0.25% concentrations. With phenylephrine, significant differences were observed only between the 2.5% and 5% concentrations at 30 (P ϭ 0.004), 120 (P ϭ 0.036), and 240 (P ϭ 0.022) minutes. No significant differences among were observed 0.25%, 0.50% and 1% tropicamide. ST, scleral thickness; TCPD, trabecular-ciliary process distance; IT, iris thickness; ICPD, iris-ciliary process distance (sulcus ciliaris); IZD, iris-zonule distance (posterior chamber depth); ILCD, iris-lens contact distance; ACA, anterior chamber angle; AOD 500, angle opening distance at 500 m from the scleral spur; AOD 250, angle opening distance at 250 m from the scleral spur; ILA, iris-lens angle; SIA, sclera-iris angle; SCPA, sclera-ciliary process angle. Figure 3 illustrates the pupil diameter after instillation of 2% ibopamine, 10% phenylephrine, and 1% tropicamide, respectively. No significant differences emerged for any of the three drugs between patients with glaucoma and normal subjects with regard to their mydriatic effects. In healthy subjects and those with glaucoma taken as a whole, pupil diameters increased significantly compared with baseline (5.05 Ϯ 0.59 mm for 2% ibopamine, 4.7 Ϯ 0.75 mm for 10% phenylephrine, and 4.68 Ϯ 0.84 mm for 1% tropicamide) as early as 30 minutes after instillation of the three drugs, with 2% ibopamine and 10% phenylephrine registering a more marked mydriatic effect (8.08 Ϯ 0.57 and 7.80 Ϯ 1.20 mm, respectively) than 1% tropicamide (6.81 Ϯ 1.03 mm).
The maximum mydriatic effect of 1% tropicamide (6.90 Ϯ 0.96 mm), 2% ibopamine (9.17 Ϯ 0.50 mm), and 10% phenylephrine (7.90 Ϯ 1.23 mm) was registered after 40 minutes. Pupil diameters then remained unchanged up to 90 minutes in the eyes treated with 2% ibopamine and up to 120 minutes in those treated with 1% tropicamide and 10% phenylephrine, with diameters returning to baseline after 480 minutes with all three drugs.
Intraocular Pressure
Compared with control eyes, a significant increase in IOP was detected only in patients with glaucoma both after instillation Effect of 2% ibopamine, 10% phenylephrine and 1% tropicamide on pupil diameter. One-way ANOVA test: treated versus control eyes: P Ͻ 0.0001 for all three drugs. For 2% ibopamine versus 10% phenylephrine: P ϭ 0.016 at 40 minutes and P ϭ 0.015 at 60 and 90 minutes; 2% ibopamine versus 1% tropicamide: P ϭ 0.005 at 30 minutes, P ϭ 0.0001 at 40, 60, and 90 minutes, P ϭ 0.022 at 120 minutes, and P ϭ 0.028 at 240 minutes. The differences between 10% phenylephrine and 1% tropicamide did not reach statistical significance. The differences between control eyes of the three groups were minimal and nonsignificant.
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of 2% ibopamine and after 1% tropicamide (Table 1) . In patients with glaucoma, in the case of 2% ibopamine, the differences between treated and control eyes were 3.2 and 3.4 mm Hg after 40 and 120 minutes, respectively, whereas the corresponding differences after 1% tropicamide were 3.2 and 2.2 mm Hg. The differences in IOP both in patients with glaucoma and normal subjects in the group treated with 10% phenylephrine were not statistically significant.
Visual Acuity and Refraction
No statistically significant differences in uncorrected or corrected visual acuity or in refraction were found in any of the three treatment groups at any time during the observation period. Consequent to the overall lack of significance, data are not shown. Table 2 gives details of the A-scan biometric parameter values after instillation of 2% ibopamine, 10% phenylephrine, and 1% tropicamide, respectively. No significant changes were observed after instillation of 2% ibopamine or 10% phenylephrine. In contrast, after instillation of 1% tropicamide there was a statistically significant 0.19-mm increase in anterior chamber depth (P ϭ 0.018) and in relative lens position (0.05 increase; P ϭ 0.013). Data are expressed as mean IOP (mm Hg) Ϯ SD. n ϭ 15, ibopamine 2% and control groups; n ϭ 5, phenylephrine 10%, tropicamide 1%, and control groups.
A-Scan Ultrasonographic Parameters
* Treated versus control eyes; one-way ANOVA. † P ϭ 0.0001 versus baseline. ‡ P ϭ 0.002 versus baseline. § P ϭ 0.010 versus baseline. ¶ P ϭ 0.034 versus baseline. The effects of 2% ibopamine, 10% phenylephrine, and 1% tropicamide on UBM parameters are shown in Tables 3A-C. Iris Thickness. Forty minutes after instillation of 2% ibopamine, a significant 87-m increase in iris thickness was observed (P Ͻ 0.05). A 105-m increase in thickness was recorded 40 minutes after instillation of 10% phenylephrine, and results were significant in comparison with the control eye (P Ͻ 0.01). A minor 56-m increase in iris thickness was detected after instillation of 1% tropicamide but, in this case, the difference versus the thickness in control eyes was not significant (Fig. 4) . Iris-Ciliary Process Distance and Iris-Zonule Distance. In the eyes treated with 2% ibopamine, there was a significant 111-m reduction in iris-ciliary process (sulcus ciliaris) distance (P Ͻ 0.05) and a 114-m reduction in iriszonule (posterior chamber) distance (P Ͻ 0.05). In the eyes treated with 10% phenylephrine and 1% tropicamide, statistically nonsignificant 70-m and 40-m reductions, respectively, were observed in the iris-ciliary process distance compared with the contralateral eyes. The mean reduction in iris-zonule distance with these two drugs was minimal and nonsignificant.
Anterior Chamber Angle. After instillation of 2% ibopamine, a 4.94°increase in anterior chamber angle occurred as well as a 49-m increase in AOD 500, nevertheless statistically nonsignificant. Similarly, 10% phenylephrine and 1% tropicamide induced an increase of anterior chamber angle and angle opening at 500 and 250 m from the scleral spur without statistical significance.
Sclera-Iris Angle and Sclera-Ciliary Process Angle. Significant increases in scleral-iris angle were observed after instillation of 2% ibopamine (8.31°[P Ͻ 0.001]), 10% phenylephrine (7.87°[P Ͻ 0.05]) and, in comparison with the contralateral eye, 1% tropicamide (8.42°[P Ͻ 0.05]). In the eyes treated with 2% ibopamine, a 2.55°increase in scleraciliary process angle was observed without statistically significant results (Fig. 4) .
Relationship of Pupil Border to Zonule-Lens Structures. In 11 of 30 eyes treated with 2% ibopamine and in 3 of 10 treated with 10% phenylephrine, separation of the pupil border from the lens occurred after 40 minutes, measuring 238 Ϯ 0.11 m after 2% ibopamine and 231 Ϯ 0.11 m after 10% phenylephrine (Fig. 5A ). In the remaining eyes, there was apposition of the pupil border to the zonule with the formation of a 208 Ϯ 0.19-m iris-zonule contact distance after instillation of 2% ibopamine and a 196 Ϯ 0.14-m contact distance after instillation of 10% phenylephrine (Fig. 5B) . No detachment of the pupil border from the lens was observed in any of the eyes treated with 1% tropicamide, but only a significant 340-m reduction of the iris-lens contact distance (P Ͻ 0.05; Fig. 5C ). None of the changes observed in the other UBM parameters was statistically significant. 
DISCUSSION
Ibopamine exerted a particularly potent mydriatic effect. At the concentrations used, which are the ones currently available on the market, ibopamine produced a degree of mydriasis that was distinctly superior to that induced by phenylephrine and tropicamide, as shown by the dose-response study, with a duration of the mydriatic effects comparable to that of the other two drugs.
Our results confirm the IOP-increasing effect of ibopamine in patients with glaucoma alone, which Virno et al. 6 proposed as a diagnostic test in cases of suspected POAG. This effect is quantitatively too limited to contraindicate the use of the drug for diagnostic mydriasis. In this connection, it should be noted that the rapid and easy reversibility of ibopamine-induced mydriasis we reported in a previous study 8 constitutes a considerable advantage. These findings make 2% ibopamine an excellent candidate for a mydriatic agent for diagnostic purposes.
Unlike the findings of a recent report, 10 the mydriatic effect of 2% ibopamine was accompanied by a series of anatomicobiometric changes in the angle region and the retroiridial structures documented in vivo by UBM in our study. The dilatation of the pupil diameter induced by ibopamine (ϩ82% compared with baseline values) was sufficient to cause detachment of the pupil border from the anterior surface of the lens in more than one third of cases, whereas in the other two thirds contact was maintained only with the zonule. The iris gathered in the angle and increased in thickness, thus causing a reduction in both iris-ciliary process distance (sulcus ciliaris) and iris-zonule distance (posterior chamber). The anterior chamber angle did not narrow as might be expected but widened, on average, by 5°. This slight, even if not significant, increase was confirmed by linear measurement of the angle opening at 500 m from the scleral spur. The data in our possession are consistent with the hypothesis that the widening of the angle is the result of the posterior rotation of the iris plane and ciliary processes. Both these phenomena are documented and proved by the increases in the scleral-iris angle and scleral-ciliary process angle, respectively, even if the latter results were statistically nonsignificant.
All these changes also occurred after instillation of 10% phenylephrine, which induced a mydriatic effect (ϩ68% compared with baseline pupil diameter) that was statistically less significant but similar to that of 2% ibopamine. In this case, however, only the changes in iris thickness and sclera-iris angle were statistically significant.
Tropicamide (1%), in contrast, had a less potent mydriatic effect (ϩ47% compared with baseline values) and never produced separation of the pupil border from the lens surface. This drug, too, however, gave rise to a slight, though significant widening of the anterior chamber angle, as expressed by the sclera-iris angle.
The changes in the angle and iridociliary region induced by 2% ibopamine were of the same type as those induced by 10% phenylephrine and 1% tropicamide, although quantitatively greater. They are no cause for concern as regards the use of the drug and are related to its greater mydriatic effect.
